Abstract. Based on numerical simulation the results of shock waves (SW) propagation through gas discharge plasma are presented (wave acceleration, change of the wave front structure, etc.). Experiments show that discharge plasma is mostly (i) non-uniform (ii) non-equilibrium (iii) non-stationary. All the factors influence SW propagation in plasma regions. The most important is usually related with the spatial non-uniformity of the gas density in the discharges due to heating. In molecular gases an additional factor exists: the vibrational-translational non-equilibrium. Both these factors lead to SW acceleration, but their effects on the SW intensity are quite different.
In many experiments on shock waves (SW) propagation through gas discharge plasma some interesting effects have been observed, among them acceleration of the wave in the discharge region, dispersion of its front, formation of precursors, etc. (see [1, 2] and references therein). Gas discharge plasma is normally non-uniform, non-equilibrium and non-stationary. For example, in broad range of experimental conditions microwave discharge has a form of successively developing plasma layers with temperature 1000 -3000K (Fig.1 ).
(a) (b) Fig.1 . Distribution of electron number density (a) and gas temperature (b) at four successive time moments. Initial conditions are E 0 /n=60Td, P=600Torr. Wave length of microwave radiation =2cm. Calculations have been performed for strong microwave fields using the discharge model proposed in [3] .
When SW propagates in plasma with inhomogeneous gas temperature (and, consequently, gas density) distribution, complicated profiles of pressure and density signals can be recorded behind the SW front. Below the examples are presented on influence of different kinds of inhomogeneity on shock wave structure. Fig.2 demonstrates the results of 1D modeling of Mach 2 plane wave interaction with thin hot gas layer (specific heat ratio is 1.4). At initial time moment t=0 the SW coordinate is x=0. Pressure is normalized by the value in unperturbed gas. Initial temperature distribution having the Gaussian form with 3000K in maximum is located at a point with x=0.3cm (Fig.2a, curve 1) . The hot layer is moved away by the gas flow behind SW front. This is demonstrated by curves 2 and 3 in Fig.2 . The "pressure probe" when placed at a point x=0.3cm (that is in density minimum) gives a peculiar record of pressure profile (Fig.2c ). In the figure base pressure signal having the form of a plane wave is also presented.
An example of inhomogeneity with more complicated geometry is shown in Fig.3 . Mach 2 plane wave propagates through plasma cylinder centered at x=0.3cm, y=0.5cm. Initial temperature is distributed according to the Gaussian law with maximal temperature 3000K. In this case 2D simulations were performed. In Fig.3 the SW front distortion can be seen. The signals from pressure probes set at points A, B and C are given in Fig.3c . The signals depend on the probe coordinate and have rather complicated forms.
In molecular gases the effects connected with vibrational-translational non-equilibrium can play the essential role [4] . In discharges in air a great amount of released energy is stored in vibrations of nitrogen molecules. VT relaxation in dry air is a rather slow process. It can be accelerated by a small amount of admixture (water vapor). The character of SW propagation in non-equilibrium gas is determined by the product of pressure and the dimension of a nonequilibrium region (Fig.4b) . Fig.4c demonstrates essentially smaller relaxation at 50Torr initial pressure. For narrow vibrationally non-equilibrium gas regions relaxation is not observed even at high pressures (750Torr) and greater percentage of water vapor (Fig.5) . In molecular gas discharge plasma both above mentioned factors (temperature non-uniformity and vibrational non-equilibrium) may be present simultaneously, and, depending on the discharge conditions, the SW intensity in plasma may be either decreasing or increasing. In Fig.6 pressure profiles are schematically compared behind plane Mach 2 SW propagating in cylindrical regions with Gaussian distributions of vibrational energy (region A, maximal number of vibrational quanta per molecule is 2) and temperature (region C, maximal temperature is 3000K). Pressure probes located at A and C positions show that in both cases SW accelerates (Fig.6c) . SW intensity in hot inhomogeneous region C decreases, in contrast to vibrational region A where it increases and the pressure profile has a detonation peak. Base pressure signal for unperturbed gas at point B is also given ( SW propagation through non-stationary discharges can reveal the effects connected with the peculiarities of gas temperature dependence on time. The heating of a molecular gas is a complex process involving the excitation of molecular vibrations and VT relaxation. Fig.7 shows the calculated vibrational energy and gas temperature versus time for the developing discharge in nitrogen [5] . It can be seen that, in a certain range of pressures, the curves are nonmonotonous. Such character of gas heating can lead to non-monotonous dependence of SW velocity on the lag time between the instant of the discharge ignition and the beginning of SWplasma interaction. Such dependence has been observed in [6] . Thus the detailed numerical modeling of SW propagation in spatially inhomogeneous and/or non-equilibrium regions gives a deeper insight into the effects observed in a number of experiments. 
